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Abstract

During the past century, scientists across the globe have attempted to reintroduce species to areas where
they previously thrived, but are now extinct. These reintroduction efforts are attempts to reverse the
human carelessness of the past and redress the ecological balance. From a project and process point of
view, these undertakings species translocation involve considerable complexity. In light of this
complexity, there has been minimal effort to access, evaluate, or predict the specific factors that may
contribute to the success or failure of such ventures. In the current study, machine learning was used to
classify the outcome of large carnivore translocations, predict the probability of success, and determine
specific essential factors. Using the Random Forest method, a model was developed to classify success
or failure of these translocations with a high degree of accuracy. In addition, specific contributing, and
controllable factors that increase the probability of a successful reintroduction of species were identified.
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Introduction

In a world where humans have dominated and eradicated large numbers of sub-species, and pushed others
(including predatory species) to the brink of extinction, there has recently been a movement to correct the
ignorant ecological assumptions of centuries past. An understanding of the importance of balance and
biodiversity in ecosystems has led to attempts to restore crucial species to areas where they were once
integral elements.

Some notable cases have gained world-wide attention and have shed light on the impact of certain species
on the long-term viability and vitality of all species in an ecosystem (Dobson, 2014, Paine, 1966). In recent
decades, large carnivores have been reintroduced to ecosystems where they have been long absent. Several
studies have endeavored to evaluate the success or failure of the translocation of different species and
determine the success factors of these efforts. In addition, these studies have included large mammalian
predators (Stepkovitch, et al., 2022, Thomas, et al., 2023, Bubac, et al., 2019, Resende, et al., 2020, Bull,
et al., 2016, Linnell, 2009). To our knowledge, however, no studies have incorporated the use and
evaluation of machine learning (ML) to classify or predict translocation success, based on available data
features. Past reviews of reported translocations have used statistical methods to describe biases, trends,
and clusters in the data that were thought to be attributable to the outcome. In the current study, a ML
model was developed that uses a Random Forest Classifier. In order to predict the survival rate of
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reintroduced subjects, the Random Forrest Classifier was used on a dataset of 326 conservation
translocations. These translocations involved 54 species of terrestrial mammalian carnivores.

Research Questions

Prior studies have not employed the use of machine learning in their evaluation of species translocation
success. Instead, they have relied predominantly on traditional statistical methods. Considering this
limitation of past research, the current work seeks to employ machine learning in order to address the
following research questions: 1) What factors determine the success (or failure) of the relocation of large
mammalian carnivores?, and 2) Based on these identified factors, can translocation success be predicted
with an appreciable level of accuracy? It should be noted that, as part of the first research question, it must
be determined if a machine learning model can be developed that can serve as a guide for increasing the
probability of a successful translocation process.

Literature Review

Wildlife conservation translocations play an essential role in biodiversity preservation and ecosystem
restoration by intentionally relocating keystone wild animals to areas where populations are either extinct
or at risk of extinction. Humans have been translocating large carnivores for several decades. These
translocations have had mixed results in terms of reviving the original stable structure of ecosystems
(Stepkovitch, 2022). Globally, humans continue to fragment large predator habitats with human expansion
and encroachment, fences, and civil engineering projects. This fragmentation by humans has created many
other negative pressures on ecosystems (Thomas, 2022).

Prior studies have explored the factors that may contribute to the sustained viability of a translocated
population. For purposes of the current study, a successful translocation is defined as a translocation where
the carnivores are alive six months after release and have begun to engage in reproductive behavior
(Stepkovitch, 2022). Success or failure of these translocations has been linked to several factors, including:
“hard” or “soft” release (Resende, et al., 2020, 2021), threatened prey species and long-term monitoring of
carnivores (Stepkovich, et al., 2022), and the use of younger, wild-born animals that are released to
unfenced areas (Thomas, et al., 2022). Hard release involves direct introduction to an environment, while
soft release allows for a gradual acclimation of the subjects to their new environment.

One study concluded that the capture, translocation, and release impose stress on the animals (Franceschini
et al., 2008). In order to minimize these risks and ensure success, the translocation requires meticulous
planning, implementation, and monitoring. A number of studies outlined the importance of habitat
suitability, genetic diversity, and post-release monitoring as factors that influence the success of
translocations (Roberts et al., 2021; Beckmann et al., 2022; Lazenby et al., 2021; Aiello et al., 2014).
Critical ecological factors that influence translocation success include habitat and resource availability,
native predators or competitors, and overall ecosystem integrity (Serota et al., 2023; Stepkovitch et al.,
2022). Other studies have suggested that both ecological and non-ecological factors are essential for
successful translocations, including habitat suitability, community engagement, legal frameworks, and
physiological suitability (Thomas et al., 2023; Berger-Tal et al., 2020; Keller, 2023).

Movement ecology (i.e., how species move in their environment) has been proposed as a factor in

reintroduction success (Agostini et al., 2022). Understanding species’ movement patterns informs decisions
on release protocols, habitat suitability, and population dynamics and helps facilitate better conservation
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strategies. Movement ecology further influences success by informing decisions on release sites, migration
routes, and landscape connectivity.

Environmental physiology has also been proposed as an important element in successful translocations,
with adaptations being important factors (Cooper et al., 2018). Past research studies have proposed that
improving human-wildlife coexistence, community engagement, legal considerations, and socioeconomic
factors all contribute to translocation success (Serota et al., 2023). The transmission of diseases has been
determined as a significant threat to translocated animals. Translocated species may have a nearly fivefold
increase in the number of infectious diseases, compared to native populations (Warne & Chaber, 2023). In
summary, it might be concluded, from prior research studies that a broad spectrum of challenges exists in
the translocation of carnivore species within the area of wildlife conservation. These challenges include
overexploitation, habitat degradation, invasive species, pollution, and climate change (Smith, et al., 2009).

Methodology

The current study uses a dataset of 536 conservation translocations, which is composed of 54 species of
terrestrial mammalian carnivores. This dataset was obtained from the Stepkovitch et al. study (2022) and
is comprised of variables including family, species, study-area, state or province, country, year, reason for
the relocation, reintroduction type, reason for the translocation, release type, number of individual animals,
and survival outcome. The data were cleaned and the relevant variables, release type (i.e., hard or soft),
reason for translocation (i.e., extinction, research, etc.), reintroduction type (i.e., introduction,
augmentation, etc.), and number of individual animals transported, were preprocessed for input into the
model.

A model was fit to the data using the Random Forest algorithm (RF) in RStudio. Random Forest aggregates
decision trees to optimize the output of individual trees, which maximizes classification accuracy. After
determining variable importance to the target variable (i.e., outcome), it was determined that reintroduction
type and release type did not contribute significantly to the model, and therefore, only the number of animals
and the reason for translocation were input into the RF model (see Figure 1).
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Figure 1: Contribution of Variables to the Model

The functions Rpart and RandomForest were used in RStudio for classification of the outcome variable,
based on the explanatory variables in the clean dataset. The rpart() function allows for decision tree model
creation (Rdocumentation, 2023). RandomForest (RF) implements Breiman’s Random Forest algorithm
for classification and regression (Rdocumentation, 2023). Training and test sets were created from the
clean data, and the selected variables were input into the model. The model was run with 10-fold cross-
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validation, and a confusion matrix was developed. This process provided accuracy and results for each of
the two samples (Table 1).

Table 1: Training Data Confusion Matrix

a 0 Data
Failure Success
Failure 51 7
Prediction
Success 17 123
Results

Each of the training and test models were assessed for accuracy, kappa, sensitivity, and specificity. The
training and test models were compared with each other to determine if the models were overfitting. The
training and test samples were derived from the 326 translocations, which were cleaned from the raw data.
The training dataset was composed of 79% of the full dataset (i.e., the 258 cases in Table 1), and the test
dataset comprised 21% of the full dataset (i.e., the 68 cases in Table 2).

Table 2: Testing Data Confusion Matrix

g Data
Failure Success
Failure 16 4
Prediction
Success 6 42

The overall prediction accuracies of conservation translocations using the RF algorithm yielded superior
results with only two variables: reason and number of individual animals. Analyzing the accuracy for each
of the training and test sets showed accuracy percentages of 88%, and 85%, respectively. These results
suggest that overfitting is not a problem, and that accuracy is a significant improvement over simply
choosing the positive class (i.e., success) as the outcome (see Table 3).

Table 3: Confusion Matrix Output of RF Models

Random Forest Model Training Data Testing Data
Accuracy 0.8788 0.8529
95% ClI (0.825, 0.9208) (0.7461, 0.9272)
No Information Rate 0.6566 0.6765
P-Value [Acc > NIR] 7.81e-13 0.0007845
Kappa 0.7215 0.6559
Mcnemar’s Test P-Value 0.06619 0.7518296
Sensitivity 0.7500 0.7273
Specificity 0.9462 0.9130
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A comparison of the RF models’ predicted outcome results to the expected outcome results yielded
impressive accuracies. Both RF models have comparable sensitivities, which is less than their specificities,
but well above the no information rate. The RF models predicted success (specificity) better than failure
(sensitivity).

A decision tree plot was developed from the data set to show specific leaf splits relative to the model
variables (see Figure 2). From the decision tree, it can be seen that simply including 19 or more individual
animals in the translocation process results in an 82% probability of success. The probability of success
increases to 91% when at least 19 individual animals are relocated, and the reason for translocation is
extinction in the ecosystem (i.e., not for supplementation, research, or any other reason).

Even if the reason for the translocation of the mammalian carnivore is not extinction, the probability of
success with a minimum of 19 individual animals is 67%. Additionally, if the number of individual animals
is more than 8, and the reason is reintroduction is due to extinction, the likelihood of success is 69%.

These results offer significant insight into the factors contributing to successful reintroduction of these types
of species. Interestingly, the release type (i.e., hard or soft), and the release purpose (i.e., introduction or
augmentation), appears to have no impact on the results obtained from this dataset.
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Figure 2: Conservation translocation outcome using random forest model
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Discussion

The worldwide decimation and functional (or local) extinction of natural predatory species has been the
result of many human-caused factors. These factors include: exponential human population growth, human
expansion into previously wilderness areas, persecution, and ignorance of the necessity for natural species
diversity. In order to “right the wrongs” of decades past, documented conservation efforts have been
underway to reintroduce keystone species into areas where they previously existed and thrived.

The current work sought to determine the factors that might lead to a measurable, successful reintroduction
of mammalian carnivorous species into ecosystems. A Random Forest model was developed and
implemented in an attempt to accurately classify outcomes as successful or failure. This classification was
based on the viable relevant variables in the dataset. The model results yielded high accuracy in both the
training and test datasets. Further, a decision tree was developed via the Rpart() function in R that uses
Gini impurity to recursively partition the records, based on dissimilarity in the explanatory variables. The
decision tree showed that translocations that involved more than 19 individual animals, and extinction as
the reason for reintroduction, resulted in a near guaranteed likelihood of success (i.e., 91%).

Historical studies outline a number of variables that are believed to be related to the success of species
reintroduction. These variables included: individual health status, habitat threats, hazards for individual
animal predation, competition, genetics, habitat suitability, reproductive biology, animal behavior, and
other features mentioned earlier. These variables were not considered in the current research, since it was
determined that these variables do not appear to affect the process of translocation. The dataset used
contained only variables related to the translocation process. These variables included: reason for
reintroduction, number of individual animals, release type, and reintroduction type. After an assessment
of contributing variables, it was determined that only number of individuals and reason for introduction
were relevant to the model.

Somewhat surprisingly, the type of release (i.e., soft or hard) was determined to be inconsequential to the
success of the reintroduction in the RF model. The type of release, however, was found to be important in
other studies (Resende, et al., 2020, 2021). In a study of the translocations of large carnivores across the
world, an overall success rate (using the criteria of survival after 6 months) is approximately 66% (Thomas,
et al., 2023). However, in that study, the use of soft release, younger wild-borne individuals, and unfenced
release locations, where found to contribute to higher probabilities of success.

It should be noted that most of the variables in prior studies (i.e., those listed above) are beyond the control
of those individuals who are involved in the translocation. Many past studies have drawn conclusions
regarding the factors affecting the success or failure of a number of translocations. However, if the
perspective for undertaking the project is exclusively ecological, the results in the current study indicate
that many factors previously discussed may not be critical to long-term survival of the animal subjects. The
results of the current study show that if the species has traditionally existed in the relocation ecosystem (and
remnants of the original and supporting flora and fauna remain), there is a high probability of survival if
enough animal subjects are included in the translocation project.

If the location for the transference has been adequately evaluated, the factors influencing the success of the
transference are those that can be controlled and decided upon by those overseeing the translocation process
itself. The determinants of success, therefore, are those factors that can be controlled by humans involved
in the reintroduction process. When considering a species that has previously thrived in an ecosystem, it
can be argued that the roots necessary for a successful translocation are essentially in place. Stated another
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way, as long as all ecological components are in balance, success is then solely determined by the factors
that influence the translocation process itself.

Further research and documentation might consider tracking other variables in addition to the ones the
current study has deemed as critical. However, the results of the current study do show that successful
translations can be predicted with a high probability of success using very limited factors. This predicted
success does, however, rely on a minimal number of individual animals being relocated. Areas for future
research may involve the documentation and retention of relevant data for use in machine learning models.
These data may help improve upon the classification results and the determination of additional factors in
successful translocations.

Finally, while the current study focused on a specific subset of variables related to the reintroduction success
of carnivores, its methodology and findings provide a foundational framework that can be applied,
expanded, and refined across various research areas within conservation biology and wildlife management.
By incorporating more variables, refining the predictive model, and conducting comparative analyses,
future researchers can contribute to more effective reintroduction and conservation strategies and
sustainable ecosystem management practices globally.
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